Co-selection of Mercury and Multiple Antibiotic Resistances in Bacteria Exposed to Mercury in the Fundulus heteroclitus Gut Microbiome.
The emergence and spread of antibiotic-resistant pathogenic bacteria is currently one of the most serious challenges to human health. To combat this problem, it is critical to understand the processes and pathways that result in the creation of antibiotic resistance gene pools in the environment. In this study, we examined the effects of mercury (Hg) exposure on the co-selection of Hg and antibiotic-resistant bacteria that colonize the gastrointestinal tract of the mummichog (Fundulus heteroclitus), a small, estuarine fish. We examined this connection in two experimental systems: (i) a short-term laboratory exposure study where fish were fed Hg-laced food for 15 days and (ii) an examination of environmental populations from two sites with very different levels of Hg contamination. In the lab exposure study, fish muscle tissue accumulation of Hg was proportional to food Hg concentration (R 2 = 0.99; P < 0.0001). In the environmental study, fish from the contaminated site contained threefold more Hg compared to fish from the reference site (P < 0.05). Further, abundance of the Hg resistance gene mercuric reductase was more than eightfold higher (P < 0.0001) in DNA extracts of ingesta of fish from the contaminated site, suggesting adaptation to Hg. Finally, resistance to three or more antibiotics was more common in Hg-resistant as compared to Hg-sensitive bacterial colonies that were isolated from fish ingesta (P < 0.001) demonstrating co-selection of Hg and antibiotic resistances. Together, our results highlight the possibility for the creation of antibiotic resistance gene pools as a result of exposure to Hg in contaminated environments.